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INTRODUCTION, 

Concerning the Magnitude and Figure of the 

Earth. 



w 



i. 

'HOEVER propofes any Correction of an eftablifhed 
Rule, ought, in Reafon, to give fome Account of the 
Grounds oh which he proceeds. And although, with Re- 
gard to the following Eflay, I might the more eafily be 
excuied this Trouble, that the Principle which it fuppofes, is now ge- 
nerally known and admitted ; yet fome, who are lefs converfant in the 
Authors who treat of thefe Matters, may not be difpleafcd to fee, in 
one diftincl: View, what has been formerly believed, or is known 
to be, the true Figure of the Earth. 

The firft Men, whilft they lived together on their native Soil, 
muft have imagined the Surface of the Earth 1 to be one immenfe 
Plain, diverfified by Mountains, Valleys, Beds of Rivers, and the 
like. Afterwards, when they began to difperfe themielvcs, and make 
Excurfions into diftant Countries, the different Elevation of the Hea- 
venly Bodies above their new Horizon, the different Length of the 
Days and Nights, and different Degrees of Heat and Cold, could 
not fail to excite their Attention and Curiofuy : Yet thefe Appear- 
ances might not at firft fuggeft to them any real Change ot their 
Horizon, or that the Surface of the Eaath was convex. They had 

ob- 
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via INTRODUCTION. 

obferycd, no doubt, that the top of a Mountain, or of a Tower* 
is elevated as one approaches it j and the contrary. This might, to 
them, account for the Elevation or Dcprelfion of the heavenly Bo- 
dies j as a fuppofed Difference of Diftance from the Sun might for. 
the Degrees of Heat and Cold. Nor can it be gathered, but from 
Conjecture, when, or by whom the Difcovery of the Earth's Con- 
vexity was made. 

That this Opinion is very ancient, cannot be doubted. < I%ales 
the Milejian, about 600 Years before the Birth oiChrift, could fore* 
tel Eclipfes * ; which mews that the Earth s fpherical Figure was- 
known, not only to him, but to the Aftronomers of preceeding 
Ages, from whole Observations a Theory of the celeftial Motions 
had been compofed. His Difciple Anaximander even attempted to. 
meafure the Earth's Circumference. 

Th is Knowledge Thaks might derive either from the Pheni- 
ciam y or from the Egyptians ; both which Nations he had vifited. 
The former, whofe Bufinefs was Trade and Navigation, could not 
fail to deduce it from this fingle Obfcrvation, though they had made 
no other j That in failing from any high Coafr, the lower parts of the- 
Land are gradually hid by the Surface of the Water, till at length 
the whole dikppeurs $ That, on the contrary, in making towards 
Land, the tops of Mountains arc firft difcovered, and the reft gra- 
dually as the Ship advances. 

O r may we not, with fome reafon, imagine that the Egyptians 
had very early made the like Observations at home ? If they did not 
go to Sea, the annual Return of the Nile brought the Sea-to them. 
The Country was overflowed to a confiderable depth, their Barks 
rode in the Streets of the Towns, and the Towns themfelves rifmg 
from the watery Surf ice gave a Profpect like that of the Egean Sea 
with its Iflands +. Here then there wanted neither a Horizon, nor 
Objects proper for Obfcrvation ; nor an acute fpeculative People at 
leifure to profit of them. 

• Hcrodot.lib I. f IJ. Lib. II. 

How- 
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However this be, as foon as Geometry was cultivated, and 
it was found that by giving the Earth a fpherical Figure, the Ap- 
pearance now mentioned, and all others in Geography were conve- 
niently folvcd, it was reasonably concluded that its Figure could be 
no other than Spherical. 

This naturally introduced the Enquiry concerning its Dimen- 
fion and Magnitude : An Enquiry which was very early begun, and 
is not quite finilhed at prefent. For this purpofe various Methods 
were thought of j all equally fimple and accurate in the Theory, 
but difficult in the Execution, and iometimes impracticable. 

0 f the lattef fort may be reckoned thofe Methods, which de- 
pend on Terreftrial Obfervations only. As when, from the top of 
a high Mountain, the Angle which a Line drawn to the extreme 
Verge of the Horizon makes with the perpendicular, is meafured * 
and from this Angle with the height of the Mountain the Semidiame- 
ter of the Earth is computed. Such Methods, I lay, are impracticable, 
or at leaft infignificant. Bccaulc it is difficult to find exactly the 
perpendicular Height or the Diftances of Mountains, and nolcfsfb to 
meafure the Angle that is wanted, even with the bed Inftrument ; 
not to mention that the Altitude of the higheft Mountain bears lb 
(mall a Proportion to the Earth's Semidiameter, that any Error in 
meafuring tie one, is greatly multiplied in determining the other. 

1 n the Methods which have been ufed with better Succefs, the 
Diftance of two Places on the fame Meridian is fuppofed known, 
and likewile the different meridian Altitudes of a fixt Star at both 
places j and from a Companion of the given Diftance with the Dif- 
ference of Altitude, the Proportion of that Diftance to the Circum- 
ference of the Earth is found. The Sun may be ufed inftead of a 
fixt Star, if his meridian Altitude is taken at both Places on the lame 
Day.— —But this will be belt explain'd by the help of Fig. I. 

I n which CABN repreients a meridian Circle of the Earth, that 
is a Circle wherein a Plane drawn througji the Centre and the Poles 
would cut the Globe. A and B arc two Places in the Circumference 

a of 



Digitized by Google 



K 



INTRODUCTION. 



of this Circle, whofc Diftance A B is known 5 A p, G B D, touching 
the Circle in A and B, are Lines in which the Plane of the Meridian 
cuts the Horizons of the two Places * and S A, SB, are two Lines, or 
yifual Rays from a Star to the Places A and B, It is likcwife taken, 
for granted or proven, 

1. That the Arc AB hath the feme Proportion to the whole 
Circumference ABNA, as the Angle ACB to four right Angles.. 



rizon AD, as does the Plumb-Line zB to the Horizon GBD,- 
Whence 2 A, zB produced, wUl meet in the Centre C. 3 JSA 19. 

3, That the Diftance of a Star is incomparably greater thai* 
the Diameter of the Earth j. and that therefore the Lines SA„ SE 
may be taken for parallel. 

Now if two Obfervations of the Star's meridian Altitude are 
made at A and B, theft Altitudes will be meafiired by the Angle* 
SAD, SBGi and if BE, BF are drawn parallel to AZ, AD, feeing 
likcwife SA is parallel to SB, the Angle SAD will be equal toSBF * 
whence the Angle FBG will be the Difference of the Altitudes ob- 
served. But becaufe zBG, EBF are Right-Angles, if zBF common 
to both is taken away, there will remain FBG equal to zBE ; and 
BE being parallel to CAZ, the Angle zBE is equal to BCA, that, 
is, BCA is equal to the Difference of the Altitudes obferved. Say 
therefore, As that Difference is to four right Angles, fo is the Arc 
AB, in any known Meafurt, to the whole Circumference in the 
lame Meafure. 

I t had been the time thing, if infteai of the Altitudes above 
the Horizon the Diftances from the Zenith SA2, Skz had bccn< 
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T o this Method, or others reducible to it, we owe all theMea- 
fures of the Earth's Circumference, ttut have been taken by Au- 
thors of any Note, from Eratojlbenes down to the prefent Times. 
The moft remarkable of which I have traiucribed from Vermin 
and de Maupertuis, and reduced as follows. 

The Circumference of the Earth contains according to 



According to 





Stadia 
or 

Furlongs, 


Roman 

8 Stadia. 


Eratoftbenes 


2 f OOOO 




Hipparcbus 




Pofidomus 


2 4000 o| 30000 


Strabo*n& Ptokmy 


1 B 0000 


a if 00 


The Arabian* 

■ 




2054.0 
Miles. 





Rhinland 
Ptrchss of 
12 Ftit. 


Ffench 'Englifl* $t4- 
Toifts fr tide AfiUs tf 
Fathoms. 5280 Fed, 


Norwood 


IO70 12 19 


20679000 2503 6-rr 


Picart 


I063OII6 


20541600 243 6otJ4 


MuJJchenbrock 


11062^107 


205319202485? 



Any of which Numbers multiply^ by the FraOion -L f£ will gjvt 
the Diameter in the Jame Meakire j or divided by 360 will give 
IbeXcngthofa,©^. 

Note. The Ptrh foot J*>JtD the Englifi nearly as 38*355. to 36 ; 
the Rhinlartd Foot 40 ti»>&ngli/b as 105 to 102 > and the ancient 
Roman Foot to *hat of JEW** j, as 1 j to 12. .* 

• ajlurt dt rJcadmit dt Stitn. Ann. . . . 

a a In 



Digitized by Google 



xSi INTRODUCTION. 

In this Table it may be obferved, i». That the Numbers 0 f the 
Ancients differ widely from one another; which has made it fuf 
petted that their Stadia r or Furlongs, were not of the lame length" 
asjiideed it would be difficult to prove that they were. Vitru%iu\ 
and P%, with moft Authors, give 8 Stadia to a Roman Mile of 
i ooo Paces, or 5000 Feet. But Mr. CaJM, from a PaffiJ in 
Strabo, fad*! that at leaft 9 Stadia were contained in the fame 
Mile in the South of France * And the Dimenfions given bv An 
thors of the greateft of the Egyptian Pyramids only encreafe the 
Uncertainty. 

Bu t allowing that the ancient Geographers by a Stadium do e- 
very where mean one determinate known Meafure, as it was moft 
natural they mould, their diiagreemcnt, in the prefent Cafe, is fuf- 
fkiently accounted for from the bad IniWnts'and little Care they 
ufed in Operations of th«kind. How ill provided they were of 
Inftruments we fee from thcArenarius of Arcbmedes, where we find 
the apparent Diameter of the Sun taken by means of a Cylinder 
placed at fuch a Diflance from the Eye as juft to cover his Bodv 
And Eratoftbenes* m his famous Obfcrvation, had only a hollow 
Ikmifphere with a Gnomon eredtedro it, whereby to meafure the 
Suns Diftance from the Zenith of Alexandria +. Befides thev 

an actual Survey, but from 

ZSg SiSSZ ^ c not ^ foUdtou * * 



Th B. Modems have performed- this Work with greater Care 
WC J h% betttr P u, P ofe - Upon the revival of Ar^ large weUl 
graduated Inftmments were mao'e, the Diftances of Places were 
exadly meafured, and proper Allowances made for all Deviation? 
both from Ae Horizontal Line, and from the Meridian. At lenrth 
Telefcopic Sights were applied to Inftruments, by which means 
Angles, whether above or in, the Horizon, could be taken to a 

examined and rectified. Still it was trouWefome to make Surveys 



* Hjfloirj it PAcadtmit dt Sett*. Ann. . , 
t Kid. Fragment. poftAratum. EdftOxon. 
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©fa proper Length, fuch as Mr. Norwoods, who meafured the Di- 
france from London to York with a Chain. To remedy this, it was 
found fufficient, or even better, to meafure with the grcatcft Ac- 
curacy fome fmaller Diftance as a Baje, from which by means of 
a Series of Triangles conne&ed with it, an Arc of the Meridian of 
a competent Length might be deduced. 

For it is not difficult to conceive, that in a Figure conMine 
of any Number of Triangles, all whofe Angles are known, and 
whereof every two that are contiguous have one Side common, if 
any one Side is given in length, the Dimenfions of the whole Fi- 
gure may be found by Trigonometry ; and its Pofition with refpeft to 
The Meridian from an Aflronomical Obfervation. Whence, if a Me- 
ridian-Line is fuppofed to pafs through any Angle of the Figure, and 
perpendiculars to be drawn to it from the other Angles, the Inter- 
cepted Segments will be known : By which means an Arc of the 
Meridian of any Length, may be meafured. Only thefe things are 
to be noted; That 'tis convenient the Triangles be as few as pof- 
iible ; that they be continued nearly in the Direction of the Me- 
ridian, and that the Stations or angular Points, whether Spires of 
Churches, &e. or Signals ended on purpofe, be fo flouted, that 
none of the Angles be very ftnall. But all this will be beft under- 
frood from Mr. de Maupertuis Figure of the Earth ftcrmined j 
where the whole Procefs is particularly defenbed, and llluftrated 
with proper Schemes. 



II. 



Hitherto the Figure of the Earth has been confidered as 
perfedly Spherical; to which indeed it fo nearly approaches, that 
the Difference was not to be difcovered in the Method already ex- 
plained, if the Arcs meafured were nearly in the lame Latitude, 
eipecially when no fuch Difference was fuppofed or look d after. 
For although Norwood, Picard, or ever fo many good Axufts in 
France and England, had, by good luck, each aligned the juft 
Length of the Degree which he meafured, the Differences of thefe 
Lengths would have been no greater than might be reafonably: 

- B 2 attributed. 
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attributed to the Errors that are unavoidable in fuch Operations. 
And accordingly, however various the Length of a Degree, as rated 
by different Authors, had been, there never arofe the fcaft Sufoicion 
of the Earth's being other than a perfed Sphere, till Mr. Ruber's 
celebrated Obfervation in 167,2; " That the fame Pendulum vi- 
" brates flower near the Equator than it does in France." Then 
indeed, the true Figure of the Earth could not be long unknown ; 
this Phenomenon 'happening in the time of Huygens and Newton, the 
two Ferfons beft qualified to reaibn upon it ; and, by a fate pecu- 
liar to it felf, fcarce fooner appearing than it received a juft Solution. 

'B tr t in order to give fome intelligible Notion of this matter, and 
to ibew the -Relation there is between the Motion of a Pendulum 
and the Figure of the Earth, it is necenary firft to explain what is 
«iearit by Centrifugal Force ; a Term of principal Ufc on this Oc- 
caiion. 



I t is a known Law of Motion, that a Body impelled by another 
moves on equably in the Direction of the Impulfej and alfb if the 
ImpuHes be two, three, or any finite Number, the Body upon 
which they are exerted, will Hill move in a ftrait Line, whn a Ve- 
locity and Direction refuking from the Quantities and Directions of 
fill the fcveral Impuifcs. 

Whence it follows, that when a Body moves in a Circle, or 
other Curve-Line, it is retained in that Curve by fome force acting 
upon it continually. Such is the Force which the Hand exerts upon 
a Stone whirled round in a Sling ; and fuch is that conceived to be, 
by which the Heavenly Bodies arc retained in their Orbits, 

jftVMW being ever equal and contrary to Re aft ion, if we con- 
fider the Tenfion of the Sling .as produced by a Force airing towards 
the Hand as a Centre, then is tnat Force called Centripetal: But 
if we confider it as a Force in the Stone, acting in a contrary Di- 
rection, it is called Ctntrifiigal And in all Bodies mffoed round a 
Centre or Axis, foch a centrifugal Force really is, although its Ef- 
fca is not always difccraiblc, 

I* 
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Ih folid Bodies revolving round an Axis, every Particle tends to 
recede from the Centre, but the En%€t is dcftroyed by the ftroager 
Cohefion of the Parts j 'tis otherwife in thofe that are fluid or very 
fort ; as we may fee in the circular Motion of a Bucket of Water 
fuipended by a String, in the Motion of a Grindftone,, and many o- 
ther Inftances that are familiar to every one. 

One Law of centrifugal Force is, that in the fame or equal 
Particles of Matter, fupponng likewife the times of Revolution e- 
qual, its quantity will be proportional to the Semidia meter of the 
Circle defcribed. Whence we may eafily gather, that in tbe C/>- 
cum volution of fluid Bodies y tbe total EJp'etJ, or tbe Sum of the ctrtr 
trifugal Forces is proportional to. tbe Square of tbe Radius of C/r- 
Gumvolution, 

For if in the Right Line CB tFig. II.) there be taken, CA, C£ 
equal to the Lengths of two fmall Tubes containing a homogeneous 
Fluid, and which are fuppofed to revolve, in the 6me time, round 
a Centre C : And if from A and B there be drawn at right Angles 
site Lines AE, BD, proportional to CA, CB j then will CED be 
a right Line j and any Line pt parallel to AE, and meeting the. 
' Sides of the Triangle in p and r, will reprefent the centrifugal Force 



into a given Particle of the Fluid pq y the Rectangle qt will be pro- 
portional to the vis motrixy or momentum of that particle. And the 
Sum of all thefe Momenta will be as the Sum of all the little 
Rectangles qf t that is, as the Area of the Triangle CAE. In like 
manner, the Sum of all the Momenta t or centrifugal Forces in the 
longer Tube will be as the Area CBD , which Areas are in the du- 
plicate Ratio of the Sides CA, CB. 6 El. 19. 

T o confirm this, the follow mg Experiment may be made. Let 
a Brafe Tube of the Shape that is reprefented in Fig. 1IL be filled 
with Mercury, or with lbme tinged Liquor, to the height of the Line 
BD, and then fixed to a Machine which turns horizontally with an 
equable Velocity, but fb as the Axis of the Leg DC, may coincide 
with the Axis of Motion. Then will the Fluid in the oh© Leg fink. 

from. 
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from D to E> and rife in the other from B to G ; and FG, the Dif- . 
Terence of the Heights of the Columns AG, CE, will be as the Sum 
of the centrifugal Forces in the Radius of Revolution CA j as is 
plain from Hydrvftatiu. This Difference FG may be nieafured on 
a fixt Gage contrived for that purpofe, if a piece of Glafs is ce- 
mented along an Opening made in the Leg AG, through which 
the Fluid may be feen. 

The Experiment maybe varied feveral ways; as in Fig, IV. 
where the Tube is fuppofed to revolve about an Axis dividing AC 
unequally, in c. Then ought the Difference of the Heights AG, 
CE, to be proportional to the Difference of the Squares of Ac, 
rCj making fome allowance for the Tenacity and Adhefion of the 
Fluid. And there muft now be adjufted another Tube cS, dire&ly 
in the Axis of Motion, whereby the Fluid that rifes in either Leg 
may be fupplied. 

T o apply this to the Subject in queftion ; Let us, with Sir Ifaac 
Newton, imagine, that in Fig. V. reprefenting the Globe 01 the 
Earth, whofe Axis is P^, and a Diameter of the Equator Q^, there 
paffes a Canal or Tube PCQA, filled with water from P to If 
the Earth is a Sphere of homogeneous matter, equally gravitating * 
to the Centre at equal Di fiances, and is likewife at reft, then the 
Fluids in the Tubes PC, QC will ballance each other. But if the 
Sphere is made to revolve equably upon its Axis Pp, the centrifugal 
Forces of the Fluid in the Leg CQ, will take off fome part of its 
Weight : Nor can the Equilibrium be reftored, till fb much of the 
Fluid in PC hath pafled over into AC, as to make the whole Weight 
in AC, equal to the Sum of the Weight in PC, and of the centri- 
fugal Forces. Hence it appears, 

t. That the folk! Earth at prefent is not Spherical * elfe the diur- 
nal Revolution would throw tie Ocean upon the Parts about the E- 
quator, caufing a general Inundation for a great Trait on both fides 
of it ; leaving thofe towards the Poles, if not quite dry, at leaft 
with Coafts of an immenfe height above the Surface of the Ocean. 

- 

2. 



■ 
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2. That if the Earth was originally fluid and fpherical, the 
communicating to it its motion of diurnal Rotation, muft neceflarily 
raife its Parts higher with refpect to the Axis, and deprefs the Parts 
towards the Poles, bringing them nearer to the Centre, till it fettled 
into the Figure called an Oblate Spheroid, generated by the Revolu- 
tion of an Ellipfe round its lefler Axis. Which having been demon- 
ftrated by others, I do not at prefent infift on. 

* 

Neither will this Figure be fenfibly altered from that of a 
geometrical Spheroid, although, as Sir Jfaac Newton fuppofes, the Earth 
Ihould be fomewhat denfer towards the Centre. If we confider this 
redundant Matter, which makes the excefs of Denfity, as a diftinct 
Mafs, fimilar in Figure to the Earth, and acting upon the more ho- 
mogeneous Mais towards the Surface, in a reciprocal duplicate Ratio 
of the Diftances, it is plain the more diftant Matter towards the 
Equator will be comparatively lighter, than if there was no fuch 
Mafs, and confequently will rife higher. But this riling at the E- 
quator, on account of the Denfity at the Centre, is confined to nar- 
row Limits ; and there muft be a regular Subfiding, towards the 
Poles, correfpondent to it, which will ftill keep the Figure of the 
Earth nearly to that of a perfect Spheroid. 

But to return ; The Effect of centrifugal Force, with refpect to 
Gravitation, is two-fold : i • . By it the Weight of Bodies is dimi- 
nimed immediately } moft at the Equator, and in any given Latitude, 
in a duplicate Ratio of its Cojine j or more rigoroufly as the Rectan- 
gle under the Ordinate and Cojine pertaining to that Latitude. Anc? 
2 * . mediately > as it is the Caufe of the Earth's Spheroidal Figure. 

Now 'tis evident, that the Force by which a Pendulum vibntes, 
is no other, than that by which Bodies are attracted downwards. 
And that therefore if the Power of Gravitation was increafed, fo as 
a Body, for inftance, which a Man could formerly raife from the 
Ground, mould now prove too heavy for him, though be makes 
an equal Effort ; in this cafe a Pendulum would move fafter. And 
the contrary, if the Power of Gravitation was dimuiiihfd. It is 

b likcwife 
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likewife true, that the time of the Vibration of a Pendulum is lon- 
ger or fhorter, when the Pendulum k felf is lb. 

When therefore Mr. Richer being in the Illand of Cayenne, 
within five Degrees of the Equator, found that his Pendulum, which 
he had carried from France, went fo much flower, that, to make it 
keep true Time, he muft have fhortned it by about an eighth part of an 
Incn, it was a certain Indication, that in thofe Parts the Force of 
Gravitation is lefs than it is in France. And wherever the Experi- 
ment has been repeated with due Care, the Conclusion has been 
the fame, " That the Power of Gravitation decreafes in going from 
the Poles towards the Equator.'* 

It is true, the Warmth of the Climate contributed to lengthen 
Mr. Ricber's Pendulum, but not fo much as 4. of an Inch in a Rod 
of little more than three Foot ; as is gathered from Experiments 
that have been made upon the Extenfion of Metals by Heat. Be- 
fides, the French Academicians, in their late curious Experiments on 
this Subject, contrived to keep the Air in the lame Degree of Heat 
at Pelio, in Lat. 66°. 48'. as afterwards at Paris \ which wasmea- 
fured in both places by the lame Thermometer. 

I p therefore, from the different Lengths of a Pendulum in dif- 
ferent Latitudes, the Diminutions of Gravity are found ; and 
from the total Diminutions thofe Parts are fubtradted, which refult 
immediately from centrifugal Force, what remains will be the Di- 
vinations that are owing to thc /bberoidal Figure of the Earth, top- 
pling it every where of the fame Denfity : Which reduces the 
Qjeftion to this j " What Species of a Spheroid will, from the Ge- 
" aeralLaw of Attraction* produce a given Diminution of Gravity 
" ai a given Point of its Surface?" 

I f, for Inftance, the Length of a Second-Pendulum, at the Pole, 
is 441.2,8 Lines, or twelfth parts of a Paris Inch, and at the Equa- 
tor 439.468, the Difference being 1.912 Lines* ; the Diminution 

of 

* Sec Sir Ifaac Newton's Table. 
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of Gravity will be exprefled by the Fradlion T ^L^ Vt from which 
fubtracting ttt> tnc immediate Effect of centrifugal Force the re- 
mainder is t-tVt' But Sir lfaac Newton {Prop. 19. Lab. III.) com- 
putes, That if the Semiaxis of a Spheroid which is at reft, is to the 
Semidiameter of its Equator as 100 to 10 1, the Diminution of Gra- 
vity at the Equator will be y^-,.. Say therefore, As the Diminution 
-j4- T is to the Difference fo is -rrVr to T | T : That is, the Se- 
midiameter of the Equator is to half the Axis as 230 to 229. 

I n the fame Propofition it is fhewn, That the Fraction T ±j ex- 
preffes likewiie that part of the Weight of the Column CA (in Fig, 
V.) which is fuftained by the centrifugal Forces : And farther, that 
in the Spheroid of the laft Paragraph, whofe leaft and greateft Se- 
midiameters are as 100 to 10 1, the Excefs of Weight of the Fluid 
in the Column CA, above the Weight of CP will be ^vt 

of CA. 

If then the Excefs of Weight give the Difference of Semidia- 
meters -j-^ j what will the Excefs of Weight T | T give ? The An- 
fwer is, T | 7 , as before. That is, in a Spheroid, whofe Semidiame- 
ter of the Equator is to its Semiaxis as 230 to 229, the Excefs of 
Weight in the Column CA, will be equal to that Weight which 
the centrifugal Forces can fuftain 5 and confequently the Fluids in 
the Canals CA, CP will reft in Equilibrio. 

Upon this Proportion of 230 to 229, Sir Jfacc Newton calcu- 
lates his Table of the Lengths of a Pendulum in different Latitudes. 
But the Differences of the computed Lengths coming out leffer than 
what they had been found by Experience, he introduces the Mafs of 
denfer Matter, which was already mentioned : And increafing the 
Difference of the Semidiamcters in the fame Ratio as the objerved 
Difference of Length of the Pendulum exceeds the computed, raifes 
the Earth from 1 7^ to 3 i T 7 T Miles higher at the Equator. 

O r, which will nearly ferve to the feme purpofe, we may ufe 
the following Rule j " Inftead of T | T , take a Fraction (/) which 
" in either of the above Analogies lhall give the fame Ajifwer." 
Which is equivalent to this Suppofition, " That the Effects of the 

b 2 ^denfer 
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" denfer Mafs, viz, the greater Diminution of accelerating Force, 
" and the Elevation at the Equator corresponding to it, are nearly 
" the fame, as if they had been produced by a fwifter diurnal Rn- 
u tationr 

Thus if, according to Monfr. de Maupertuis's Table*, the 
Length of a fecond-pendulum is at the Pole 44 1| Lines, and at the 
Equator 439.33, the Difference being 2.17; the whole Diminution 
ot Gravity will be \ s , from which if we take X | T , and work 
by the former Analogie, the Ratio lbught will be 4-yr> which is too 
great, as is too fmall. But if, for TXT , we ule the Fraction 
ttt t' e ^ tncr -dnalogie will give the Ratio of the greateft to the 
lealt Semidiameter, as 203 to 202. 

Now this Table of Monfr. de Maupertuis is it (elf calculated upon 
a Hytotbefts which had been alreadyjgiven up; namely the uniform 
Dennty of the Earth ; and differs in eftaft from Sir Isaac's in this only, 
that the greater obferved Difference of Length, between Paris and 
Pello, upon which the Calculus proceeds, does of confequence affeft 
the whole Table . We may therefore fuppofe the Fraction 
is too firiall. And if inftead of it we take t ^t, we fliall not proba- 
bly be much wide of the Truth. For, by the beft Obfervations in 
Sir Ifaac Newton's Time, the Difference from the Equator to P*- 
ris was about 2 Lines ; from Paris to Pello, by M. de Maupertuis's 
own accurate Experiments, it is of a Line, and allowing an in- 
creafe of ^ more from Pello to the Pole, the Sum is three Lines. 

In which Cafe, the Fraction if ) will now be increafed to JL 
and the Ratio of the Semidiameters to 

But here it mud be obferved, that although this Rule, as founded 
on no unreafonable Suppofition, may ferve till a better is difcovered, 
yet is it neither demonftrable, nor perhaps Efficiently exacT". From 
the Experiments with Pendulums, we mayjuftly infer an Elevation 
of the Equator in general, but not its precife Quantity j this laft de- 
pending 

• Figure 9/ the Earth dtttrmwd. 
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pending partly on the internal Condi tution of the Earth, which is 
unknown. And admitting that the Figure of the Earth is to be de- 
termined from a Ballancc or the centrifugal and attractive Powers ; as 
alfo, that the Diminution of accelerating Force at the Equator (above 
what is accounted for from the centrifugal, and from the Attraction 
of a homogeneous Spheroid) is owing to the Attraction of adenfer in- 
terior Mafs } yet it will not necejjdrily follow, that the Equator is 
thereby raifed higher than if the Earth were homogeneous. Its Ele- 
vation may indeed be either hjjer y equal or greater , according to the 
Conditions of the detifer Mafs. What probable Arguments there arc, 
that this lad is the Cafe in Nature, mail be afterwards confidcred. 

At prefent, let us fuppofe a fluid homogeneous Earth to revolve, 
its greated and lead Diameters being, in this State, as 230 to 229 j 
and that afterwards a part of the Fluid is converted into a concentric 
folid Sfhere y with an attraaive Force, fuch as that of the denfer 
Mafs is fuppofed to be. In this cafe, it is plain the Diameter of 
the Equator will be contracted ; for in a Column of the Fluid which 
lies in the Plane of the Equator, the new Attraction is, to a Di- 
dance from the Centre equal to the Semiaxis, the lame as in the 
Polar Canal ; and consequently the Attraction of the remaining 
part of die Equator-Column, will increaie the Ratio of its whole 
Weight to that of the Column in the Axis 5 while in the mean 
time the Diminution of accelerating Force at the Equator will be 
greater than before. 

I n place of the concentric Sphere, let us fubditute a folid Sphe- 
roid fimilar to the Earth ; the Canals communicating with each ci- 
ther along its Surface. A nr. if we put the Ratio of the Semiaxis 
to the Semidiameter of the Equator to be that of Unity to z t the 
Heights of the two Columns of the ambient Fluid being in the 
fame Ratio, the Weights (produced by this new Attraction) of two 
fmall Portions of the Fluid, proportional to the whole Columns, and 
fimilarly iituated in them, will be directly as thefe Portions, and 
inverfely as the Squares of their Di dances from the Centre. And 
theft whole Weights being in a like Ratio ; that of the Column in 
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the Axis will be to the other as i to z> and z* tor, that is, as z 
to i ; confequently it will preponderate, and raife the Equator higher 
than in the Ratio of 230 to 229. 

And if the Tittle Spheroid is taken of a certain intermediate Spe- 
cies between a Sphere and that of the homogeneous Earth, its At- 
traction will not alter the Ratio of the Earth's Diameters. 

The Truth of thefe Conclufions may be examined as follows. 
Let a right Line RG (Fig. V„) touching a Meridian at the Equator 
in the Point E, reprefent the Length of a Pendulum, that is, the 
actual accelerating Force of Gravitation at the Equator ; and, in it, 
ER that part which belongs to the redundant Matter. Draw to 
the Centre the Line GC, and from the Point R defcribe the Curve 
RFZ, having its Ordinates RE, FV in the inverfe Ratio of the 
Squares of their Diftances from the Centre, CE, CV. So fliall the 
Area ERFV, intercepted by the Ordinate ER at the Surface of the 

Earth, and any other FV parallel to it, (/. e . the Area RExEVx £|J 

be proportional to that part of the Weight of the Column EV, which 
belongs to the Attraction of the redundant Matter : And the Trape- 
zium EVTG, cut off by the Ordinate FV produced, mall repretent 
that part of the Weight of the fame Column, which refults from 
the Attraction of the uniformly denfe Earth. Imagine the like 
Conftruction at the Pole, marked at the analogous Points with the 
fmaller Letters r, e, g, &c. and make the Area RGTF equal to 
rg t fy fo (hall you arrive at an Equation, cxprefling the Ratio of the 
greateft and leaft Semidiameters, anfwering to the Data and Suppo- 
ftions upon which you proceed. 

Thus, if CV is to Co as z to Unity, that is, if the redundant 
Matter has a Form fimilar to the Earth, the Equation produced by 
the Companion of the Areas RGTF, rg tf y will be 

aqbxz* — ^4-'xy+^xz l + 1 — ay. q+r x c+b x z-\-q=o. In 
which the Semiaxis of the Earth, as alfo the accelerating Force at 

the 
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the Pole, being Unity , z is the Semidiameter of the Equator j and 
(e being the Diffeience of the Semiaxes of the Earth, and of the 
redundant Mafs) q=e — t T e* J a — RG the accelerating Force at the 

Equator, c=i—a+ r i 7 , *=44t, r =™ 



For which, if lefs Accuracy is required, we may ufe the Qua- 
dratic Equation, 

aqb xa* — ia-\-b x <]-hrb xz+iq-\-r xc-\-t. 



In like manner, if we fuppofe the redundant Mate to be a Sphere, 
whole Radius is to the Semidiameter of the Equator as / to i, 
putting ax i — we lhall obtain the Equation. 

c — i x / * -\-bk x z 5 — i x / * -\-zb — Ixjs'-K* — $xc-l-b \ i — hz+I=o, 

Or, for three or four decimal places, the Quadratric 
2^x/*—M x z * -|-2 x A — b — ct * x z-{-3 — / » x c -t-6 — 2=0. 

A n d in all Cafts, the Attraction of the redundant Mais will, at 
the Pole of the Earth, be to the whole Attraction, as 



to Unity ; that is, to the Attraction of the uniformly denfe Earth as 



i * — i 

c — b x z — i to — c. 

Whence likewife the Denfity of this Mafs, will, in any given 
Cafe, be known ; for it will be to the Denfity of the homoge- 
neous Earth, nearly as the attractive Forces at the Pole directly, and 
the Cubes of the Semidiameters inverjely. See CoroL i. Prop. 74. 
Lib. I. Princip. 

From thefe Equations it appears, that if the Fraction -^i T ex- 
preffes the whole Diminution of Gravity at the Equator, that is, 
iiippoiing a Second Pendulum is ihorter than at the Pole by about 
2\ Lines, and the denfer Mafs to be a Sphere, whofe Radius is \ 

of 
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of the Semidiamcter of the Equator, then will the Difference of 
the Earth's greatelr. and lealt. Semidiameters be only T ^ of the 
latter. If the Radius of the denfer Mafs is -fV, the did Difference 
will be very near But although the denfer Mafs were reduced 
to a Point, the Semidiameter of the Equator would not exceed the 
Semiaxis by above T -J- T . 

On the contrary, the Fraction A \$ T remaining, if the denfer 
Mafs is liniilar to the Earth, their like Diameters being as I to 4, 
the Elevation of the Equator will be between T ~ 7 and of the 
Semiaxis. And if the Semiaxis of the denier Mais is it will rife 
to between T ^ r and Let the interior Spheroid become incom- 

parably fmall, that is, let e be greater than any Fraction whatever ; 
then, in the hrft Equation, r is incomparably great, which reduces 

it to z = Ct* == i-4-y T * Or if ^ is lefs than any Fraction whatever* 

then q=e, and, r vanishing, if we divide by q t the Equation is 

abz % — a-\-b x z, * -h 1 — a x z-h 1=0 ; which will give z nearly e- 
qual to i-t- T ! T . In like manner, if the total Diminution is put e- 
qual to ^fr, the Limits of z will be i-j-^, and i-f,^..* 

From which Examples we fee, that a fpherical Mafs mud con- 
trad: the Semidiameter of the Equator ; and in general, what the 
Effect of a Spheroid of any Species would be, viz. that cateris pari- 
bus, the more oblate it is, or the leffer its Magnitude, the higner it 
will raife the Column at the Equator ; and the contrary. And that 
confequently, as was above afferted, unlels the Conditions of fuch 
a Mafs are given, the Species of the Earth's Figure cannot, by any 
Rule yet known, be certainly inferred from the Experiments with 
Pendulums. 

I would not here be mifunderftood, as infinuating that (iich Ex- 
periments are of no ufe in this Subject. On the contrary, it is by 

them 

* In all this, the Quantity of centrifugal Force is put — ytt» and i = 
But after thefe Fractions haveferved for an Approximation, they may, if the Ac- 
curacy of the Experiments requires it, be calculated a-ncw, and the Operations 
repeated. 
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them chiefly that it can be clear'd of the Difficulties with which it 
is now emb«raued. What I mean is to mew, that we ought not 
to be over-hafly in concluding from them, and to point out what 
feems to be yet wanting before we can proceed in this enquiry. 
" That, befides a fufficient Number of good Obfervations in all La- 
" titudes we can come at, the Laws of Attraction be further ftu- 
" died ; what they are at any Point of the Surface, not only of a 
<c homogeneous Earth, but on the fuppofuion', either that it in- 
" eludes a given Mafs of denfer Matter, or is gradually more denfe 
" from the Surface to the Centre." By comparing thefe Experiments 
with the Theory, and with each other, we may hope to fee the 
Figure of the Earth better determin'd, and even its internal Conftt- 
tution in part difcover cl. 

Especially if we call in the Afliftance of Obfervations drawn 
from fome other Source j of which we are not altogether deftitute. 
For as we can from the Conditions of the Mafs, and the Diminu- 
tion of Gravity, deduce the Elevation of the Equator, in the Manner 
already defcribed; vice verfd^ if, either from the Method of the 
French Academicians, which mail be afterwards explained, or by the 
Obfervation of Lunar Eclipfes, this Elevation can be found to any 
tolerable Exaclnefs, the Magnitude of a fimilar Spheroidal Mafs is 
had by making e the unknown Quantity in the Equation aqbz 1 — 

&c. which will deprefs it to the Quadratic c % — 3 =o, 

in which s and / are the Co-efficients of q and r in the Equation, 
before it was transformed. Thus, if by whatever means z is found 
=1.01, and a— 1 — t ^4t, i — <*, or the Scmiaxis of the concen- 
tric fimilar Spheroid, will be a little more than .297. That it is 
either fimilar, or not much different, is probable ; and if the Dif- 
ference is confiderable, it will difcover itfelf in the Motion of Pen- 
dulums in feveral diftant Latitudes. 

Although, from what is above demonftrated, it appears that 
the greater Diminution of accelerating Force at the Equator, is not 
altogether inconfiftent with a Diminution of its Semidiameter, viz. 

c if 
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if we fgppofe (he denfcr Matter to be a Figure either perfectly Sphe- 
rical, or little differing from it; yet the fame reafoning fumiflies a 
probable Phyfcal Argument, that this is not really the Cafe in Na- 
ture. For hi one of thefe Examples, where the redundant Matter 
was a Sphere with the Radius i. of the Semidiameter of the Equa- 
tor, if we compute its accelerating Force at the Pole, we mall rind 
it about T VV ot the whole; and confequently the whole Dsn fity of 
the concentric Sphere would be to that of the ambient Matter as 
42 to 1. Proportions which will not, I prefume, be thought very 
natural ; whereas, if the redundant Mate is a Spheroid fimilar to 
the Earth, their likeDiameters being as 1 and 4, its accelerating Force 
at the Pole will be only and the whole Denfity of the Sphe- 

roid to that of the ambient Matter, in little more than the Ratio 
of 1307 to 1000. And the like might be (hewn upon other Sup- 
pofitions of Magnitude ; whence we may reaibnably infer, that the 
Figure approaches much nearer to that of a Spheroid (imilar to the 
Earth, than of a Sphere. 

'Tis thus at leaft that Sir Jfaac Newton *, the Inventor of the 
Hypothefis, feems to underftand it. Speaking of this Mafs, he ufes 
the Words paulo denjior ; and, which Dr. Gregory [Prop. 5-2. lib, 
III.) feems to have overlooked ; he meafures its Attraction not from 
the Centre, as he might have done, but from the Matter it/elf ; 
on purpofe to infinuate that he thought it was (at leaft nearly) uV 
milar iu Figure to the Earth. 

If it be afked, how fuch a Spheroid could itfelf acquire its Fi- 
gure, feeing the centrifugal Forces were not equal to that Effect ? 
I anfwer, That if the ambient Fluid had been perfectly homoge- 

• Hcec ita fe habent ex hypotkeji quod Terra ex uniformi materia conjlat. Nam fe 
materia ad centrum paulo denfior fit quam ad fuperficieruy differentia PenduLrum 
fcT graduum Mcridiani paulo majores erunt quam pro tabula pracedente, propterea 
quod ft materia ad centrum redundant qua denfitas ibi major redditur, fubducatur & 
jeorftm fpelUtur y gravitas in Terram reliquam uni/ormiter den/am erit reciproce ut 
d'jlantla ponder is a centra ; in mattriam vert redundantem reciprott ut quadratum 
dijlantia a materia ilia quam proxime. Gravitas igitur fub ecquatore minor ejl 
in materiam illam redundantem quam pro compute fuperiore ; iff propterea Terra ibi, 
protUr deftclum gra^itatis, paulo altius afcendet iff txcefjus longitudinum pendulorum 
& graduum ad polos paullo majores erunt quam in pracedentibus defnitum ejl. Prop, 
sc. Lib. 111. 

neous, 
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ncous, it might be impofliblc to account for it. But if wc confider, 
that in the Chaotic irate, this Fluid was undoubtedly the mod he- 
terogeneous that can be imagined, we (hall, in (hewing how the 
central Mais might acquire the Figure of a Spheroid, find a good 
Argument why it could not well receive any other. 

I n that heterogeneous Fluid, one Effect of its Revolution mail 
have been to difpofe its Particles in equilibrio amongft themfelves. 
By which means, the more denfe mud have taken place nearer the 
Equator, where Comz frnall part of their Weight being fuftained by 
the centrifugal Force, they might be reduced to an equal relative 
Gravity with others nearer ths Pole. From this excels of Denfity 
in the Fluid nearer the Equator, would follow a ftronger Attraction 
to the central Mais, which is at firfl fuppofed Ipherical, and confe- 
quently a more eafy and copious Accretion to it, in the Form of a 
folid Body. And the Equator of the central Mais being once railed 
fenfibly higher, the Caufe of the greater Denfity of the Fluid there, 
would likewife be a little augmented ; becaufe now the Weight of a 
Particle would be diminilhed, not only by the centrifugal Force, but 
by its Diftance from the Centre of the Spheroid, (by Cor. 2. Prop. 
91. Lib A. Princip.) And this Procels, we may fuppole, went on 
till the Fluid was purged of all the denfer Matter, that would ad- 
here to tlic central Mais, that is, till it was interrupted by the con- 
tiguity of fome Matter, lefs difpofed to quit its fluid ftate. 

Such may have been the Form.ition of a central Body denier 
than the furrounding Earth, and perhaps never firmly attacn'd to it. 
Whofe Exigence feem; necellary not only to the Solution of the Phe- 
nomenon in qaeftion, but of another that is of much greater Con- 
fequence. For one cannot help imagining it to be the fame with 
that Nucleus, by which Dr. Halley fo ingenioufly explains the 
Magnetic Variation {Phil. Tranfacl. N* 195.) If this fliould be the 
cafe, and if the determining its Magnitude is of any ule in fixing 
the Lain of that Variation, then ihall this Enquiry be found leis 
idly Jpeculathe than, to moil Readers, it may at prefect appear. 

c 2 III. 
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Notwithstanding the general Agreement that had been 
found between Theory and Experience to give the Earth the Form 
of an oblate Spheroid, the Obftinacy of fome foreign Mathemati- 
cians render'd it neceffary that this matter mould be further in- 
quired into, and in a different Manner than had yet been uled. 

Mr. Cjssinj, in tracing the Meridian of France (torn Dunkirk 
to Collioure in Rouffillon, had computed that a Degree of the Meri* 
dian lengthens in going Southward, fo as to make the Earth a Pro- 
late Spheroid higher at the Poles by about 95 Miles. Sir Ifaac re* 
monftrated *, " That if fo, Bodies muft be lighter, and a Pendu* 
'* lum longer at the Equator than in France by about half an Inch 5 
" and that the Diameter of the Earth's Shadow from South to 
" North, muft exceed its Diameter from Eaft to Weft by 2'. 46", 
" a twelfth part of the Moon's Diameter. All which was manifeftly 
" contrary to Fact and Obfervation." But this could not avail with 
Pcrfons who were difpofed to cavil. 

France was chiefly the Seat of this Difputej where although 
there are Numbers of Gentlemen too well acquainted with Sir J* 
faac Newton 's Reafonings, not to allow them their due Weight, and 
too fincerely attached to Truth to be influenced by any Prejudice or 
Authority j yet fome, overawed perhaps by the Opinion of two or 
three noted Mathematicians of another Country, and fupported by 
the Obfervations of fo diligent an Artift as Mr. Cajfini is allowed to 
be, could not be fatisfied with any Reafon or Experiment that had 
been adduced. At length the King, from a Care of the Sciences, and 
at an Expence, becoming fo great a Monarch, ient out two Com- 
panies of Mathematicians, one to Peru, the other as far North as 
they could go j who by actually meafuring a Degree might decide 
this Queftion concerning the Figure of the Earth, as being not only 
a matter of Curiofity, but of fome importance in Navigation, and 
other practical Arts. 

For 

♦ Ibid, 
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For the better underftanding both the Ground and the Determi- 
nation of this Difpute, the Reader is defired to recoiled what hath 
been already explained concerning the Method of Meafuring an 
Arc of a Meridian Circle, There he will eafily perceive, that (in- 
Fig. I.) if the Scmidiameter CA had been lef , the Arc AB an- 
fwering to any given Difference of Altitude of the Star S, would 
have been diminifhed proportionally} and the contrary, if CA had 
been greater. Now 'tis plain, that a fmall Arc of the Ellipfe PA/>E 
(Fig. V.) may be confidered as part of the Circumference of a Cir- 
cle ; and that the Semidiameter of this Circle will be leaft, if tht 
fmall Arc is taken at A, the Vertex of the great Axis ; greateft,. 
if it is taken at P ; and any where elfe, of an intermediate Mag- 
nitude, greater or lefs as it approaches this or that Extreme. If 
therefore, as Mr. Cajjini formerly thought -j-, a Degree lengthens 
in going towards the Equator, the Semidiameters of the Equi- 
curve Circles muft increale likewife, that is, the Equator will be 
at P,^, and the Poles at A, E. But the Gentlemen who went 
Northward by the French King's Order, affure us, that juft the 
Reverfe of this is true j that the Arc of a Terreftrial Meridian at 
the Polar Circle, anfwering to one Degree in the Heavens, exceeds 
the like Arc in France by a very fenfible Difference. 

How fafely the Obfervations of thefe Gentlemen may be re- 
lied on, appears from the above-cited Treatife of Mr. de Mattpertuis, 
who was at the Head of this CommilTion. I mail mention fome 
of the principal Circumftances, which render their Obfervations lefs 
exceptionable, than any of that kind that have been made. As, 

i. In the Agronomical. Part, they ufed a Sector which could be 
verified to the Difference of one Second} and with which they 
could obferve to a Degree of Exactnels altogether incredible, if we 
did not know that this lnftrument was contrived on purpofe, and 
the Limb divided by Mr. Graham. 

« The 
f He has, lam told, of late ingenuoufly owned his Miftake, • 
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2. The hxt Stars which they obfcrvcJ and « Draconis) were f» 
near their Zenith, that there can be no Sufpicion of any Error from 
the Refraction of Light. 

3. The Difference of Altitude was corrected not only by the 
known Equation of the Prascfiion of the Equinoxes, but by that 
new Equation diicovered and moft ing^nioufly accounted for by 
Mr. Bradley, in Phil. Tranf. N p 406. 

4. Upon repeating their Obfervatjons, with the Star a, there 
was a Difference only of two Seconds, from the Angle they had 
found by the Star «T. 

5. In the furveying Part ; the Bafe which they meafured was 
in a Surface the fitteil for their purpofc that can be imagined ; the 
Ice of a River which at that Place forms it ftlf into ^a fort of 
Lake. 

6. This Bafe was meafured with Poles precifely of the fame 
length, by two diftinct Companies, who perfectly agreed in their 
Numbers. 

7. Mr. db M Rupert uis y in a Difcourfe read to the Royal J?ca- 
demy of Sciences^ (hews, that in this Operation the jurt Length of 
the Bale that is meafured, depends upon the degree of Exactness 
with which the Difference of Altitude can bz obferved, compared 
to that with which the Horizontal Angles can be taken. And ap- 
plying this Theory to his Bafe at the Polar Circle, he rinds it was 
of that juji length. 

8. The Angles between the Signals were oblervcd with a Qua- 
drant of two Foot Radius, furniflicd with a Micrometer. The Sig- 
nals themlelves were carefully reduced to the fame Horizon. And 
the PafTages of the Sun by the Verticals of two of their Signals, 
from which the Pofition of the Polygonal Figure was determined, 
were obierved with an Instrument confining of a Tclefcope, and a 

Hori- 
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Horizontal Axis upon which it moved in a vertical Circle ; the Mo^ 
inents of thefe Tranfits being marked upon a Clock of Mr. Gra- 
ham. The Inftrumen* too was Mr. Graham's Contrivance.. 

g. Th e Number and Pofition of the Signals anfwered the Con- 
ditions Pag. xiii. lliey formed" a Heptagonal Figure within which 
the Bafe lay, and futnilhcd a great many Combinations of Triangles, 
from which the Arc of the Meridian, feverally computed, was al- 
ways nearly of the fame Length. They put the Cafe, that in each 
of thele Triangles, they had mi taken ao'' in two of the Angles, 
and 40" in the Third, and that all thefe Errors contributed to Ihorten 
the Arc of the Meridian. And even upon this ftrange Suppofition,. 
there arofe a Difference only of 54 j. Toifes. 

If to all this we add the known Skill 2nd indefatigable In- 
dufrry of the Perfons who were employed in this Affair j and 
that they were fix in Number, who wrote down each his Obfer- 
vation apart, of all which, when there happened any fmall Diffe- 
rence, tne Mean was taken we muft own that nothing better can 
be cxpedted, or fcarce wifhed for, on tins Subject. 

The Refult of their Operations was, " 'That the Degree of tie 
" Terrejlrial Meridian which cuts the Polar Circle, contains 57437.91 
<c Toifes exceeding a Degree between Paris and Amiens, as mea- 
" Jured by Mr. Picart, (after proper Allowances for the Re fraction 
" of Light , the PreceJJ'.on of the Equinoxes and Mr. Bradley 'j E- 
" quation) by 512.2 Toijes". And upon this Determination the 
following Tables are calculated. 

I muft not liowever omit mentioning, that, fince my writing: 
this Paper, Mr de Maupertuis, upon examining with Mr. Graham's 
Sector, the Difference of Altitude obferved by Mr. Picart, finds it 
is led by a few Seconds. But it was needled for this to make any 
Alteration in the Tables ; efpccially feeing if ever it is thought pro- 
per to publiOi them in ai-: r Form, fitted for common Ufc, they 
muft, by the Rules I have t. n, be calculated anew, or corrected, 
upon the beft Obit i v.- < ions u*-t fhall have then been made. 

POST^ 
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INTRODUCTION. 



POSTSCRIPT. 



THE Series giv en by Mr. de Maupertuis for determining the 
Ratio of tlie Semidiameter of the Equator to the Scmiaxis, 

is this, 



Fxi+lxw'-i x^-H-xw*— iV s* -f- &c. 

In which E and F are the Lengths of the two Degrees meafured, 
S and s the Series of the Latitudes refpe&ively, to the Radius i ; the 
Semiaxis m> and the Radius of the Equator Unity. From which, 

E F 

putting D for i — m he draws the Formula's D = ^^—is or 

_ E — F. 

D = — • 



ERRATA. 

Pag. xii. Line i. dtlt i°. Pag. xxii. 1. penult, draw a Line ever c-{4. And over l — t 1 
lin. 10. fag. xxiii. Ibid, for ** put «*. Pag. xxiv. i* the Nate, for tf% read 

In Fig. V. fuffhf am inftribed Circle cutting A E in Q, q . 
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MERCstTORH SAILING, 



Applied to the 



True Figure of the EARTH. 



TH E Improvement of Navigation being one profefled De- 
sign of the late painful and expenfive Undertaking of the 
French Academicians, I thought it might be worth while to 
examine how far the Spheroidal Figure of the Earth, refultine from. 
their Obfervations made at the Polar Circle, really affects the Art 
of Sailing ; and if the Tables and Charts now in ufe, (hall need any 
ienfible Correction. 

Plain Sailings 'tis known, has no Place in long Voyages, be- 
caufe it does not anfwer to a Round Figure. Great Circle Sailing 
gives the fhortcft Diftances of Places on a Sphere, but not their 
Bearings, nor can agree to any Courfc that a Ship fleers by the Corn- 
pals, unlefs ihe fails in a Meridian, or in the Equator it felf. And 
although, by firft gaining the Latitude of the Place to which a Ship 
is bound, and then keeping exactly in the fame Parallel, a Port whole 
Situation Eaflward or Weft ward is known, might be found with 
great certainty 5 yet this Method is both tedious and indirect. The 
only true Sailing, to which Tables and Charts rauft be adapted, 
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being that upon a Rumb-Lim, which cuts every Meridian at the 
lame Angle. 

But as Sea-Charts ought to be reduced to the fimpleft Form 
poflible, that is, ought to be projected by Strait Lines only ; in 
fuch a Projection, if the Degrees of the Equator and its Parallels, are 
made all equal to each other, thofe of the Meridian, though they 
were in themfelves equal, rauft be rcprefented by Lines continual- 
ly, incrcafing from the Equator to the Pole. 

... 

The Hiftory of this ufefiil Invention, with the feveral Im- 
provements it had received, may be feen in the Philofopbical Tranf- 
acJions N° 219. where Dr. Hal ley gives the genuine and moft ex- 
peditious Method of conflructing Mercatot's (or rather Mr. Wright**) 
Table of Meridional Parts ; deducing it, in his Mafterly Way, 
from the Property of the Logarithmic Spiral \ and (hewing that 
the Nautical Meridian Line is a Scale of Logarithmic Tangents of 
the half Complements of the Latitudes. Mr. Cotes demonftrates 
the/ame, by his Method of Ratios. {Harm. Menfur.p. 20, 21.) 

* 

And - Mr. Geiorge Campbel y in a Manufcript which I have feen 
feveral Years ago, laying afide the Logarithmic Spiral, ufes only the 
following Lemma. 

•LEMMA. F 1 g. I. 

■ 

* 

i>/QL(=c) be a Circular Arc, whofe Complement is LP; let 
LS (==*) be its Cofim-, and LT, PT, Tangents at L and P, 

• meeting tn T, either of which (t) will be the Tangent of 4. LP. 
Then 1 fay, the Fluxion of the Arc QL, will be to the Fluxion 
of the tangent t, as the Cofine LS is to the fame Tangent. 

Demonstration. 

Let LS move into the Place ls y till the Arc QL is increafed by 
the Quantity LI; at / draw the Tangent //, interlec~tin£ PT, LT 
iu t and x, fo ihall T/ be the Decrement of the Tangent PT, an- 

_ 3 fwering 
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fwering to the Increment of the Arc hi. And from a: as a Centre, 
through T and /, Dcfcribe the Arcs Tvjq, cutting It, LT, in v and 
q. Draw alio the Semidiameter KL, which put equal to Unity. Then 

will x /: q /: : x T : Tv = • But if is is fuppofed to move 
back into LS, the Triangle Ttv will at lafl: be redilinear, Lx+xq, 
that is, 2ix will be =L/, or c, Iq=ic l (by Cor. 1. Lem. XI. Princ.) 
and xT=t. Whence Tv = kl^I —J x /. But, by the then fimilar 
Triangles LKS, Ttv, LK : LS (or 1 : j) : : T/ : Ti%=j x T/ ; and 
therefore i x — f = / x c, ore : — i : : s : t. Q,E. D. 

PROBLEM I. F 1 c. 2. 

Given ABC the Angle of a Ship's Courfe on a Sphere, ivtth the Dif- 
ference of Latitude A/3, to fndCK the Difference of Longitude. 

Solution. 

Let PKZ be the Meridian, and AK the Latitude whence the 
Shipfets &il f -0BL the Parallel whem (he is arrived ; Br, br, Cc 
the Fluxions of that Parallel, of the Ship's prefent Latitude, and of 
the Longitude refpe&ively, and the Semidiameter of the Sphere U- 
nity. For the Cofine of the Latitude Kj8, that is, for the Sine of 
the Arc LP put /, and for the Tangent of |LP, write /. Then 
will Cc be to Br, as the Semidiameter of the Sphere is to the Se- 
midiameter of the Parallel 0BL, that is ^=-7- And Br : rb: : 

n : m (in a given Ratio by Hyp.) Therefore Cc= But bv 

Ac Lemma iss-— 2, whence Cr= JL x But if for the 

j t m t 

Tangent of half the Complement of the Latitude AK, from which 
the Ship fets out, we write T, then it is plain that when CK=*, 
, i B 2 the 
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the Fluent of .y ought to vaniih likewife. Whereas it is 

then = ± x FI.— T . This therefore fubtrafted, CK will be =, 

~ x F I — F ~ = the Difference of the Hyperbolic Logarithms 
of T and t multiplied by -1. 

COROL. I. 

I f A is at * (ift the Equator) then T= Rad. and the Diffe- 
rence of Longitude aC, will be JL x /.R / Jm 

COROL. U. 

* 

Suppose now the curvilinear Triangle <*BC is to be protracted 
on a Plane (Fig, 3.) where a right Line CD divided into equal Parts, 
fhall reprefent the Equator and its Degrees, and Perpendiculars to it 
(CP, QP, &c.) The Meridians (CBP, KAP, &c.) then as the Sine 
of aBC is to the Cofine, that is, n : m : : aC : CB= 1 x *C. 
But a C was (hewn = ^-x/.r_/^. Wherefore CR — /, r l t% 

Whence it is evident, that the Degrees of Latitude,will be rightly 
marked on the Meridian, 4fa Ship is imagined to fail from tbeE- 
qua tor at an Angle of 45° ; and if the Longitudes anfwerinjr to the 
Jeyeral Latitudes at which Jhe arrives, are transferred on the Me- 
ridian Line j for /. R — /, / ( = CB) is the Longitude, when n=m. 

In the fame Paper Mr. Camphel givesa great many curious Theo- 
rems and Rules derived from this Solution, fome of which are in- 
tirely new : But this is all I can recolleS of it, and indeed all that 
is neceflary for my prefent purpofe. 
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PROBLEM II. 

Let Fig. 2. now reprcfent a Spheroid, generated by tbe Revo- 
lution of an Ellipfe round its leffer Axis PZ ; the Semidiameter of 
whofe Equator, KE is Unity, and its Semiaxis KP — a. And let 
it be required to divide tbe nautical Meridian Line of this Spheroid,. 
or which is the fame thing, to find tbe Longitude aC belonging to 
any Latitude K/3>. in a Courfe of 45 °. 

Sol u t 10 ny 

Let LS, an Ordinate to the Axis from the Parallel where the 
Ship arrives be called z t and the Abfcifla PS,^. Draw the Tangent 

LM, and put rb, or L£=r*, Cc=V ', then the Equation to this 
Ellipfe being z* = iay ~? , and y — \a — ay. v/i^— z% it will very 



eafily appear, that the Subtangent SM = ~r= . But e : 
V' SW+ T* : * • ^^^S : z . : ^'^Zl M *-- : 1 : : (put- 



36 



ting ^ = 1 1/1 — jz* : v/i — z* ; or <:= in— yz*« 

i_ z * \-i x — z. But by alike reafoning as in Prob. 1. 1}== ~. 

If therefore, for r there be fubfiituted its value juft now found, 
exprefi'd in a Series, and the Fluents betaken, putting likewife / 
for a hyperbolic Logarithm, we (hall have v (=*C) =: 

A~/«^z*^z♦^z•-- T 44 T z•--^2 ,0 -- T ^rZ ,a — &c. 

Where 
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Where A (lands for the Value of the Series — /. z ± \ \q x z* Gfr. 
when z becomes equal to the Scmidiamctcr of the Equator, with 
the Signs changed. 

C 0 R O L. I. 

I f i. c. if the Figure is a Sphere, the Series now want- 

ing the Terms whole Coetficicms q enters, will exhibit the com- 
mon Divifionsof the Meridian Line, and will be (Cor. 2. Prob. 1.) 
— 1. R — /. r. 

I f the Sign of q is changed, it will give the like Divifions for 
a Prolate Spheroid. 

* * 

If q=i, v=s!. R— Iz is the Equation of a logarithmic Spiral, 
defcribed on the Plane of the Equator. 

And, in General, the ikmc Method may be applied to any Fi- 
gure generated by the Revolution of a Curve about an Axis. 

COROL. II. 

Setting afide /. z, for all the following Terms in the lame 
Line write g, and for the remaining Terms of the Series, which 
arc afTe&ed with q and its Powers, put h> For the fame things 
put / R, G and H, when z= 1 5 then will v=zl R4-JG-— -H — lx 
— But (by Cor. 1.) if ttssz the Tangent of ^ the circular Arc 
whereof z is the Sine, then will /. R-j-G — /. z — g— 7-I - R — /. / j or 
l.x+g — A t — G=o ; which added to the foregoing Equation, gives 
te=/.R — It — H^5. 

From thefe Corollaries a Table of Meridional Parts for the Spbe» 
roid ma^ be calculated by the following Rules, 



1. 
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Y - 

I. 

From the Obfcrvations that have been made, find the 'Species of 
the Spheroid, /. e. the Value of q , which,, according to Monl\ de 
Maupertutis Meafures, will be nearly .022. 

* • 

IT. 

For any aflbmed Latitude LMS {Fig. 4 > wlio& Sine and Co- 
finc, to the Radius i> are S and 2, find tha Ordinate L S^ssz ; 

which will always be - — 2L-. . . . t 

m. 

Apply, in the circumfcribed Circle Q^irE, Ac/ equal and pa- 
rallel to LST^ and by Prob. 1. that is, by Dr. Hal.'efs Rule, find 
the Meridional Parts for the Latitude Qa. or for the Angle Km* 
(which in rin Oblate Sphenoid wiTT always- be -left than LMS) awl 
from thefe Parts fubtract H — />, reduced to the fame Denomina- 
tion of Minuted, or of tenths, &c. of Minutes. 



Still I ought to fet down the Method of computing the H— >b j 
for in the common way of fumming up the Coefficients that ftand 
over each other, and multiplying them into the refpective Powers of 
z t it would be quite impracticable, the numeral Coefficients of q t q x t 
&c. converging fo flowly. Befides, it would be neceflary when jc 
approaches to Unity, to ufc another Series. 

I confider therefore any part of H— h that is affected with the 
lame Power of q, as the Area of a Curve. And it liappens, in the 
prefent Cafe, that all thefe Areas are alTignable in finite Terms i and 
that q being fb fmall, two of them, viz. which belong to q and q % 
ait alnroft a*vays a fufficient Approximation. To find, for Exam- 
ple, that Part of H — b which is affected withy* ; I write down 
the Fractions — ^ — | — J- — whofe Numerators are the Unciie of 

a+ti 3—1 , and the Denominators the edd Numbers in an inverted 
Order j the Signs being alternately ±, as the Index of q is even 

or 
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or odd. To thefe Coefficients I affix ( having made 

x~i — z % ) where the Numerators of the Indices are the Denomi- 
nators of the Coefficients, and the conftant Denominator 2. And I 

have — J-xM-!* 4 — x\ which multiplied into— T V?*, the Coeffi- 
cient of that Term of i—qz*^ from wliich the Part required was 
produced, gives -"-tV?' * — f**-HT*— 1 x*" ; " lor the Area fought. 
Jn like manner the Area belonging to q is — \q x — ixl-t-ossj^x? ; 
that of q % is — ±q x x?xi — J.x$=— J? 1 x-JxHTxxr ; that ofq* t 

N. B. When 2; is fmall, if it mould be thought convenient to 
calculate b feparately, it may be obfervcd that H is equal to the Series 

T^H-TV^+T'rf'-H-Vr " 2^hl. x^—oi ">4°6o*. 

' Ok if, in the fame Cafe, one would calculate the meridional 
parts immediately from the Scries, G (s£-i-rr4-TrH-&f*) =3 

.693H7* 
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ConjlruSlion of "T able IIL 

FOr QP ( Fig. 4. ) the Quadrant of the Elliptical Meridian 
write Qj_ And let LS (=z) be the Semidiameter of any Pa- 
rallel of Latitude j then, from the Solution of Prob. II. it will eafily 
appear, that the Arc 

"KV? -f-TTT? +tIt7 ■+■ 

But here, for the like Reaibns as in the former Solution, it will 
be convenient to fum this Series as follows. 

I. 

Th e firft Line, fetting afide Q. is the circular Arc whereof the 
Sine is z, to the Radius Unity 4 call this Arc A. 

II. 

Fo r the Cofine of the lame Arc write y 9 then will the fecond 
Line (i. e. iqxFiz'x i^z % ^ l z) be ±q x |A— \zy (=47 x B.) 

III. 



The third Line & x >.B~ ^y (=t?* *C.) 



And the 4th is .J^'xl-C — i-z s y, &c. All which is plain 
from Mr. de Moivre's 4th Theorem of Quadratures in Phihjbphi" 
cal Tranfaftiom N° 278. And thus the Arcs QL may be computed 
with all imaginable Eafc, remembering only that the Parts exprefTed 
in z and^, are to be reduced to the fame Denomination with A ; 
which, if A is expreflcd in Minutes, is done by multiplying them 
into 3437.44675, 

K*. IV, 
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t 

IV. 

Q^ that is the whole Elliptical Quadrant QP, is, in this Method* 
found at once ; for A is now the Quadrant of a Circle, and the 
Products of z, y> vani(h. Whence Q== 

A~ 4y x | A-hjy' Bh-tV^ * I &c. = 

A x i— i.yx^— \f x^x|. — T Vy J x4x4.xi.-f. &c 

V. 

0 r if you would compute QL independent of Q^ which is con- 
venient when QL is frnall, the fame Exprerfions will ftill ferve j 
obferving only, Ftrjl, That z and y now change Places, v. g. The 

third Line is now 4.7* x-|.B — ty'z, and fo of the reft. Secondly y 
That the Sum of the Parts affected by q is not to be fubtracted from 
A, but added to it. Thirdly, That this laft Sum is to be dimi- 
milled in the Ratio of the greater Axis to the leflcr. 

S c h o l. I. 

If 5— i, the Arc QP degenerates into the Semidiameter QK, 
and the Equation in N° IV becomes 

' Or Q^A:: LJ +g y : ,. 

But the Series «-4-U <t j_|i|3-J-^. fummed by the Scholium 

4.4 0.0 

of the 1 ith Propofition of Mr. Sterling's Meth. Differ, is =s 
.3633803, and 1 — .3633803 (/. e. 6366197) : 1:: 1: 1.570796 
^: Qj^A ; that is, as the Semidiameter of a Grcle is to the 4th 
Part of its Circumference. 

Schol. IL 

1 n calculating thefe Tables, I have put q, that is, the Difference 
of the Squares of the Seraiaxes, equal to .022 } which by the beft 

Surveys 
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Surveys that have been made, mull be very near the Truth. * But if 
there were any Survey, efpecially near the Equator, of equal Accu- 
racy with that of Monf r . de Maupertuis, to which his could be 
compared, then q might be more precilcly determined. And in or- 
der to this, his Rule (Fig. of the Earth p. 167.) would fcarce be fuf- 
ficiently exact. The two fmall Errors which his Methods involve, 
would then difcover themfelves ; One, That the Degree in the Mid- 
dle of the Arc meafured, is to be rated by the Length of the whole ; 
the other, That this Degree is an Arc of a Circle. The Way of 
proceeding would then be, Firft, To approximate to q by Monf r . 
de Maupertuis^ Series, (taking in, if you will, another Term of it.) 
And then in the Spheroid thus determined, to compute (as in the 
Conftruclion of Tab. III.) the Lengths of the whole Arcs meafured ; 
noting the Differences between the computed and meafured Arcs. 
And having repeated the like Operation with another q, lomewhat 
nearer the Truth, you might from thefe Differences find, by the 
Rule of Pofition, a q that would give the computed and meafured 
Arcs of the lame Length. 

S o much for the ConJlruBion j it remains now to Ihew 

• Figure of the Earth dctermin'd, pag. 162, 163. Lib. 3. Prop. 18,19,20. 
^Princ. Newton, 
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Tie USE of tie TABLES. 

L 

IF a Ship's Courfe is all in the fame Meridian, Queftions concern- - 
ing it are folved by Infpection of Tab. III. or at mod by Sub- 
traction. And it is only to be noted, 

Rlrft, That the Total Difference between two Arcs of the 
Sphere and Spheroid, reckoned from the Equator to the fame La- 
titude, is greateft at near 55 0 j becaufe there the Radius of Curva- 
ture is equal to the Semidiameter of the Equator. Afterwards this 
Difference decreafes, till at the Pole it ends in fomewhat lefs than . 
30 Minutes. 

Secondly, That yet the Ratio of this Difference to the whole 

Courfe, is perpetually decreafing from the Equator j where it is for 

the firft Degree £f Tt at 55 0 ^fr, and at the Pole no more than 
»»• 

Thirdly % Courfes, the Differences of whofe extreme Points are e- 
quidiftant from the greateft Difference, are the feme as if performed • 
on the Sphere. As in failing from 45* to 65 0 : If one Extreme 
is nearer the Pole, the Courfe is lenghtned ; if towards the Equator, 
it is (hortned. 

Tab. III. muff likewife be ufed in the Reduction of the rectili- 
near Rumb-Lines on the Chart, to the Dijlances run. 

XL. 

I n Eaft or Weft Courfes, lay. As Rad. to the Semidiameter of the 
Parallel (in Tab. II.) lb are the Minutes in the Difference of Lon- 
gitude to the Diftance run. Or if the Diftance is given, fay, As 
the Semidiameter of the Parallel to Rad. fo is the Diftance to the 
Difference of Longitude. 

Re- 
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ResuMiNGthe Symbols z, s, 2, q, and putting D for the 
Dirtance failed on a Parallel of the Spheroid, and </• for that failed 
on the lame Parallel of the Sphere, .the common • Difference of 
of Longitude being L, it will be z : 2 : : D: d t and «— 2 : z : : 

D — d: D. But becaufe it was z = 7==, the Ratio of z— 7. 

to z will be I — s/i — qs % ; and this when greateft, /. c. when 
J=l, is 1 — v/.97i.=.oi 106. So that D — d can never much ex- 
ceed a hundredth Part of the whole Diftance run. In like manner 
it is fhewn, that, to the fame Diftance failed on a Parallel of the 
Sphere or Spheroid^ the Differences of Longitude cannot differ by 
much above T ^r of that belonging to the Spheroid. 

III. 

To £nd how the Spheroidal Figure of the Earth affects oblique 
Cour/es, from Tab. I. 

Let EQfin Fig. 5.) reprefent the Equator of the nautical Chart, 
or any Parallel common to the Spheroid and Sphere j KH any other 
Parallel of the Sphere, CG the fame Parallel of the Spheroid, EK a 
Meridian, and CK the Difference of meridional Parts. Biffed: CK 
in M, from which raife MR perpendicular to it j and from C, at 
the Diftance ME defcribe an Arc interfering MR in R. Then will 
R be the Centre of a Circle KCA, which p.iffes through K, C, and 
touches EQjn A j and the Angle CAK will be greater than any 
other CBK made by Lines drawn from C, K to a Point B in EQ^ 
that is not the Point of Contact. That is, AE thus dctermined> is 
tbe Difference of Longitude of tuo Places A and C, which ought to 
be ajfumed to make the Difference of the Angles of the Cour/es on the 
Spheroid and Sphere the greatrfl pojfible. Bat becaufe CK is in- 
confiderable in refpect of CE, AE may be put =EM. Thus if 
EQJs the Equator and CG the Parallel of 45 0 , AE will be 
=3003, and the Angle CAK will be found to be about 30'* j 
greater than it would have been upon the SuppoCil of any other 
Difference of Longitude EB. 

3 To 
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To compare the Angle CAK with another (c ak) between the 
Equator and any other Parallel ; from A as a Centre through C de- 
icribe the Arc CN, meeting AK in N ; and it is plain the Angle 

CAK will be proportional to But becaufe fo fmall an Arc may 

be confidered as a right Line, and becaufe AKE, ACE are not 

much different from half right Angles, ^ will be nearly as S£ 

And feeing , in its greateft Magnitude at the Equator, is only 7 y T 

/. e. the Ratio of the Difference of the Semidiametcr of the Equa- 
tor ; and of the Radius of Curvature, to that Radius of Curvature 
it follows, that the Difference of the Angles of the Courfe, which 
at 45 0 was 303.', can never rife to above 38'. 

I n the fame Figure KN (K«) will reprefent the Difference of 
the Diftance failed, and will be to the Difference of a Courfe that 
lies all in the lame Meridian, nearly as the Sine of KAE (KBE) 
to Radius. 

CONCLUSION. 

From all which it appears, * that the Errors in Navigation ari- 
fing from the fuppofed fpherical Figure of the Earth, are not fo 
considerable as might have been apprehended j yet, fmall as they are, 
I believe no good Reafon can be given why they ought not be cor- 
related. In the mixt Sciences, one Part ought not to lofe the Accu- 
racy it can have, becaufe the other Parts are incapable of quite fo 
much. However difficult it is to take an Altitude at Sea, or 
fleer a Ship's Courfe, yet a Sea-Quadrant would hardly be reckoned 
good, whole Divifions were generally wrong by 10 or .20 Minutes, 
lbmetimes by half a Degree j nor a Chart in which the Latitudes 
and Bearings of Places were fo much different from what they 
ought to be, and whofe Length mould perhaps be an Inch too 
much in proportion to its Breadth j yet the Errors in the Tables and 

• See the Preface to Maupertuis's Figure of the Earth determined. 

Charts 
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Charts now ufcd, arc equivalent to thofe. Nor is it a good An- 
fwer to this, that in the Practice of Sailing, greater Errors ftill are 
unavoidable. For if a Ship's Courfe is at all regulated by Tables and 
Charts, whatever thefe unavoidable Errors are, they will happen 
fometimes to be increafed by the whole Error of the Chart ; and 
the Sum of two Errors may be fatal, where one Error alone wouid 
not have been fo. 




> 
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Some other Consequences^/* the Earth's Sphe- 
roidal Figure. 

:l 

IN Mat* crs purely Geographical, the Earth maybe confider'd as a 
perfect Sph:re* ; forlnftance, in the common Stenographic Pro- 
jection of the Globe, where it is only required that the Longitudes 
and Latitudes of Places be juftly marked, it would be an idle 
Refinement and a fpoiling the Elegance of the Projection, to fub- 
ftitute Ellipfcs for. Circles, although the Difference of the Earth's Di- 
ameiers was much greater than it is. 

But in that Orthographic Projection '.which is made, or fuppofed 
to be made, for the eafier .Calculation of the Moments or Solar 
Eclipfes, the Cafe is pzrhaps different. Were the Theory of the 
Moon complcated, the Differences of thefe Moments (of Begin- 
ning, End, or Total Obfcuration) on the Sphere and Spheroid, 
might be, in fome Circumftances, not imperceptible. 

Astronomers will likewife confidcr how far the fpheroi- 
d.\l Figure of the Earth may affect the Determination of the Suri*6 
Parallax from the Tranfit of Finns in the Year 1761. 

II. 

T h e Parallax of the Moon, at a given Diftance from the 
Center of the Earth, will be greatcft at the Equator, leaft at the 
.Pole : And in any given Latitude, as at L (Fig. 4.) if perpendicu- 
lar to LC, the Radius of Curvature of the Meridian, there is drawn 
through the Center the right Line AB, interfering it in C ; the 
Moon's Parallax at that Latitude will be to her Parallax at the 

• Newton Princ. Lib. III. Prop. 2Q. 

Equator, 
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Equator, as LC to QK. And in Lunar Eclipfes, one Diameter of 
the Earth's Shadow will be diminUhed in a Ratio, eafily affignaWe 
from the Sun's Declination at the time of the Eclipfe. 

III. 

There refults likewiie from the Earth's fpheroidal Figure, a 
finall Parallax of the Moons Azimuth and Right Afcen/ion, 

In Fie. 4. Let LG reprefent the Interferon of the Prime Ver- 
tical the Place L, with the Plane of the Meridian j and XY the 
like Interferon of a Plane paffing through the Centre of the Earth, 
and parallel to the former. This lafl we may call the Rational Prime 
Vertical and the former the Senfible. Now, becaufe not only a 
Semidiameter of the Earth, hut even CK the Diftance of the Prime 
Verticals, bears fome fenfible Proportion to the Moon's Diftance 
from the Centre K j if we fuppoie the Moon's apparent Place to be 
due Weft, /. e. That her Centre is in the Senfible Prime Vertical, 
fome fhort Time mud intervene before it is in the Rational Verti- 
cal And by the fame Time will the Moon's Centre have paft the 
Rational Prime Vertical on the Eaft, ere it arrives at the Senfible. 
But from the Species of the Spheroid, and the Latitude of the Place 
given, the Ratio of LC to CK is given alio ; fay therefore, As LC 
to CK, fb is the Moon's Horizontal Parallax to that other Azimuth. 

Thus if we put the Latitude of the Place 4c*, and the Moon's 
horizontal Parallax 57' j-, or 3450', CL will be =9944846, and 
CK=no6io, and die Parallax of the Azimuth 38'. 

Or if this Parallax is to be computed in Right Afcenfonx Suppo- 
Gng, firfr, that the Moon has no Declination, fay, As LC to QK, 
that is in the ptefent Cafe, as 9944846 to 10000000 : : fo is 
3450': 3469'= the Moon's horizontal Parallax at the Equator. 
And, as QK to KF (#. e. 10000000 : 156426) : : fb 3469' to 54* 
the Parallax in Right A/cenfion required ; which is in Time 3'. 6. 

D If 
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I F the Moon has Declination towards the elevated Pole, compute 
what Part of her diurnal Arc is intercepted by the two vertical Planes 
produced : For this will be the parallax of right Afcenfion required. 

In other Verticals, the fame Rule is to be obferved, only it is to 
be remembred, that the Diftance of the rational and fenlible Verti- 
cals, which is the Meafure of the azimuthal Parallax, decreafes as 
the Sine of their Inclination to the Meridian, and in the Meridian 
itfelf vanifhes. 

S C H O L. 

Ip the Moon's Place could be exactly calculated and obferved, the 
true Figure of the Earth might receive a, new Proof from Aftrono- 
mical Obfervation. And much more eafily might the Opinion of 
Mr. Cqffini and his Friends be confuted. For as they imagine the 
Earth to rife more than twice as high at? the Polcsj ash really does at 
the Equator, we may fuppofe in grofe (for I have not calculated it) 
that this would give a Parallax about double to that which we have 
determined; and which might fometimes rife to above 2' in right 
Afcenfion, or 8* in Time, of a contrary Denomination % becauie 
the Senfible Vertical would now fall on the other fide of the Ra- 
tional. 

IV. 

• 

I might add that there are, ftridly fpeaking, no Antipodes, except - 
at the Equator, and at the Poles ; if there were, their erect Pofture 
muft be GL: But the ereft Pofture at G is Gg t therefore, &c. 
The Pofture dire&ly contrary to that at L, will be found at the 
other Extremity of the Diameter through L. 

3. 



Tab; 

* 
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a b. I* Of Meridional Parts to the Spheroid and 
Sphere, with their Differences. 
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b. II. Of the Semidiameters of the Parallels of 
Latitude on the Spheroid. 
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Tab. III. Arcs of the Meridian to the Spheroid, in 

Minutes of the Equator. 
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4LTH0T7GH iheUfe of tbefe Tables in Navigation has been 
above explained more generally ; and, 'fit hoped, to the Satisjatlion of 
the Mathematical Reader % yet for the fake of fucb as are concerned 
only in the practical Application t I have thought ft to add what 
follows. 

Of the ConftruSlion of a Nautical Chart to the Spheroid 

of the Earth. 

THIS Conftruaion differs from Mercator's (which is to be 
found in moll Books of Navigation) in this only ; that in 
laying down the Latitudes of Places, inftead of his Table of Meri- 
dional Parts, Tab. I. is to be ul'ed, 

Thus, in Fig. 3. If A, B are two places, whereof the firft is at 
the Equator, the other in the Latitude 12% (North or South) the 
Difference of Longitude (AC J being 5*4 30'; from any convenient 
Scale of equal Parts, each of which may reprefent one Minute of- 
Longitude, I fct off AG=330 the Number of Minutes in the given 
Difference of Longitude ; and from C having raifed CP perpendicu- 
lar to AC, from the fame Scale, I take in it CB— 709.6, the me- 
ridional Parts for the Lat. 12 °. (above or below AC, as the La- 
titude is North or South.) Then having joined A, B, the Line 
AB will reprefent the Rumb-line between the two given Places, and 
the Angle ABC their Bearing, or the Angle of the Courje in Sailing 
from the one to the other. 

If A is in the Latitude 16*, B in the Latitude 2 7 0 , (both 
North) the Difference of Longitude being 5*. 30' as before ; from 
1649.1 (the meridional Parts for the greater Latitude 27 °) I fub- 
traft 951.8 (the meridional Parts for the leffer 16") and make CB 
equal to their Difference 697.3. And AC is no longer \he Equa- 
tor, but the Par aM of 16 0 North Latitude. 

E 2 Or 
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Or laflly, If the fame things are fuppofed as in the foregoing 
Cafe, with' this Difference, that A is on the other Side of the Equa- 
tor ; then will AC be the Parallel of i6° South Latitude, and 
CB will now be equal to the Sum of 1649.1, and 951.8 that is to 
2601. 1 

If, in thefe three Cafes, the Lerigths of CB had been found by 
Mercators Tables, they would have been 725.3, 710.8, 2656.2 j 
exceeding the former by 15.7, 13.5, 55.2 rcfpcdtively. 

I n the fame manner from the Longitudes and Latitudes given, 
having marked every Port, Jfland, Cape, &c. which falls within 
the Extent of your Chart, the Conferences of fuch Conftruction 
will be, 

L 

A Line AB joining any two Places, will make with the Meridian 
an Angle ABC, equal to a Ship's Courfe from the one Place to the 
other, i. e. the Angle wherein the Kumh-line muft cut every Me- 
ridian in foiling from A to B, or from B to A; which Angle may 
be meafured Mechanically. 



Two Lines, parallel to the Meridian, drawn through the given 
traces A and B, and continued till they meet the (graduated) E- 
quator, or the top or bottom of the Chart (where the Degrees of 
Longitude are likewife marked) will intercept a Diftance as AC, 
equal to the Difference of Longitude of the given Places. 

in. 

Two Lines, through A and B, parallel to the fcquator, and con- 
tinued till they meet the Eajl or Weft Margin of the Chart, will 
th?re intercept a Line equal to CB j and the Degrees and Minutes 
marked on that Margin, will (hew the Difference of Latitude of 
the Places A and B. 

IV. 
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IV. 

Yhe Line AB, applied to the Equator as to a Scale, will not 
immediately fhcw the true Diftance on a Rumb-line between A and 
B, but, by means of it, that Diftance may be found. For the 
Line CB is not equal to the Arc of a Meridian between the Paral- 
lels of AB, but only an Artificial Rcprefentativc of it. In like man- 
ner AB is not the natural, but artificial Diftance on the Rumb be- 
tween A and B. But as AB and CB are increafed above their na- 
tural Magnitode in the fame Proportion, if a Line (L) be taken in 
the fame Ratio to AB on the Chart , as the natural Length of the 
Arc of a Meridian, intercepted by the Parallels of A and B (to be 
found in Tab. III.) hath to the artificial Length CB; that Line (L) 
applhd to the Equator, or to one of its Parallels on the Chart, will 
fhew the true Diftance required. 

Practically thus ; In CB, take Cb equal to the natural 
Length of the Arc of the Meridian between the Parallels of A and 
B; and through b draw ba parallel to BA, meeting AC in 0, fo 
fliall ab be the natural Diftance in the Rumb-line. 6 El. 4. 

From thefe Remarks, the QuefHons ufually propofed in Merca- 
tor\ Sailing, may be folved either upon a Chart, or by a very Am- 
ple geometrical Conftruction. As alio the Reafons of the following 
Arithmetical Solutions may be ealiiy underftood. 

II. 

Arithmetical Solutions of the Cafes of Mercator's 
Sailing, on the Spheroid of the Earth* 

THE Quantities which can enter into a Queftion of Mercator's 
Sailing, are no more than four, viz. The Difference of Lati- 
tude ; the Difference of Longitude j the Angle of the Courfe j and the 
Difiance failed. For in the Triangle ABC (F(g. III.) the Angle at 
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C is a Right- Angle, and CAB is the Complement of ABC, the An- 
gle of the Courfe. Setting afide thefe two, there remain BC, AC, 
ABC, and AB. Any two of which being given, the other two 
may be required. Whence there arife, in all, fix Cafes of Mercatofs 
Sailing j for the Combinations q{ two things in Jour, aicfx. But here 
it is to be obferved, 

I 

That when the Difference of Latitude is Cud to beghen> it is 
underftood that both Latitudes are known ; and when the Diffe- 
rent of Latitude is fought ', it is underftood that one Latitude is 
given with the Polition of the other, becaufe otherwife it could not 
be known to what Part of the Quadrant the Difference of Lati- 
tude ^ whether given or fought) did belong ; and therefore, in this 
Method of Solution, the Queftion would remain altogether indeter- 
minate. 

n. 

0 NE of the fx Cafes, juft now mentioned, is not to be folved 
in this Method, viz. When from ab y AC (the Diftance run t and 
Difference of Longitude) given, it is required to find cb and ABC, 
the Difference of Latitude and Courfe. In Plain Sailing the Solu- 
tion would be eaiy, becaufe ab is not there different from AB ; but in 
Mercators Sailing, feeing cb is unknown, its Ratio to CB will be 
unknown likewife ; and therefore' the Ratio of ab to AB, and the 
Line AB it fclf. Whence the Triangle ABC cannot be conftructed 
nor rcfolved. The Cafes therefore of Mercators Sailing to be re 
rcfolvcd, are the rive following. 



CASE 



Digitized by Google 



applied to the true Figure of the Earth. 3 1 

CASE I. 

Given the Difference of Latitude, and Difference of 
Longitude, to find the Courfe and Diftance run. 

EXAMPLE. 



Given 



N. Lat. of A. .38°. Merid. P« 2422 

N. Lat. of B. . 5 0 . . Merid. P" 294 Reared, 

1. The Courfe ABC. 



(Whence BQ=dirT. .. = 2128) 2. Diftance (AB)«*. 
.AC (Diff. of Longit.)=43° =2580 

C BC: AC ) ( R : Tang. ABC. 
*• £2128 : 2580} * 100000 : i2i24i=Tang. 50*. 29' required. 

S 13.41 162 =Log. 2 5804- Log. Rad. 
uroyx^a— v 3^797 =Log.2i28 

CDiff. 10.08365-sL0g.Tang. 50 0 . 29'. 

$R: Sec. 5 o*.2 9 '.7 C BC:AB.. 
2 - iiooooo: 157158!" d 2128 : 3344=5= \ht Artificial^. 

To reduce which to the natural Diftance j from the Number of 
Minutes in 38°, which {Tab. III.) is 2240, take the Number of 
Minutes in 5 0 . which is 293, there remain 1947. Say therefore, 

BC:& 7..J AB: ab 
2128 : 1947 J" 13344 : 3 0 59 = Ac Dlftance r^red- 



CASE 
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CASE IL 

Given the Difference of Latitude and Courfe ; to find 
the Difference of Longitude and Diftance run. 

EXAMPLE. 

r S. Lat. A.. 25V Mcrid.Pt* . # ,^8 
\ N. Lat. B . . 30*. . Merid. P" . . 1850 ^ 
Given \ 



\ (Whence BC=Sum . . . =3368) 
L The Angle ABC = 43 * • 



1. AC. 

2. (AB)«*. 



j \ R : Tang. ABC? . . S BC : AC 

' 1 100000 : 93251$ ' 73368 : 3141' = 52% 21' = Diff. of 

Longit. required. 

C ZWM = Log. 3368. 
By Logarithms^ 9*WS=* Lo S' Tan S' 43 

G3497 02 — Sum — Log. Rad=Log. .3141. 

2. To find (AB) ab y fay, as in the former Example, 

C R : Sec. 43* ) C BC: AB 

I iqoodo : 136733 J : \J.3368 :.46a 5f the Artificial Ufa 

Then, to 1470 (the Minutes in 25° < on the Spheroid 7/7^. ill.) 
adding 1765, the Minutes iff 3D 0 , the .Sum is 3235. Say<thcre- 
fore, 

C 33 0 8 : 3 2 35$ * c4^°5 : 44 ? 3~ tnc natural Diftance required. 

If, in this Example, the Common Table of Meridional Parts 
had been ufed, the Difference of Longitude would have come out 
3206', exceeding the truth by i*. 5'; and the Diftance (ab) would 
nave been 4512, exceeding the trite Diftance by 89 Minutes, or 
Miles of the Equator. 1 CASE 
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CASE III. 

Given the Difference of Latitude and Diftance run \ to 
find the Difference of Longitude and Angle of the 
Courfe. 

EXAMPLE. 



Given, as in 



S.Lat. A..25*. . Mcrid.Pts. 1518 
N.Lat. B. . 30 0 . . Merid. P"- 1 850 



Examp. 2. 1 

lab 



Requiredj 
1. AC. 



(Whence BC=Sum = 3368 2 '. Ang. ABC. 
And bc t from Tab. III. = 3235) 

- =442S 
J be :BC ) y : AB 
' (3235 : 3368 J " {44 2 3 : 4605= the artificial 'Diftance. 

2. From the Square of AB, which is - 21206025 
Take the Square of BC ------ 11 343424 

The Square Root of the Remainder - - 9862601, which is 
3 141, will be = AG the Difference of the Longitude fought. 



Or by the Logarithms j Seing KBq — BCp=AB-f-BC x AB — BC, 



To the Log. of 7973 (=AB-f-BC) which is . . 3.90162 
Add the Log. of 1 237 (=AB— BC) which is . . 3.092 37 



6 99399 



Half their Sum, viz. - - 3.49699 will be 

the Logarithm of 3i4l=AC, as before found, 

j AB : BC J f R : Cof. ABC 
3 * C400C : 3368I : * # 1 00000 : Cof. 43*= Angle of the Courfe. 

F w CASE 
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CASE IV. 

Given the Difference of Longitude and Courfe ; to find 
the Difference of Latitude and Diftance foiled. 

EXAMPLE. 

fN.Lat. ofB . . . 54" Required* 

Given < Diff. of Long. AC. 2 8 •= 1 680' u (BC) be 

CABC =37° ( AB ) <rf « 

C R : Co-Tang. ABC) ..J AC : BC 
x ' 1 100000 : 132704 J :: |i68o-: 2229 

Now the Meridional Parts for the given Latitude of B, viz, 54*. 
are 3803. Subtract therefore the Number laft found, 2229, from 
3803, and rind in Tab. I. what Degree and Minutes of Latitude hath 
the Meridional Parts equal to the Remainder 1 574 j which (taking 
a proportional Part) is found to be a 5*. jo 7 . = the Latitude of A* So 
that the Difference of Latitude fought, is 28*. 10/. 



JS.ABC: R 7. (AC: 
J 60181 : loooooj* * J 1680: 



2. To find AB, iay, 

AB 

2791 

3. In Tat. III. from the Minutes in 54*. viz. I 3195 
Take the Minutes in . . ♦ 25"°. 50'. . . . 1520 

The Remainder 1675 is the 

quantity of the Arc be . Say therefore, 

JBC : be \. , I AB : ab 
2229 : 1675 J * : {2791 : 2098 ass the Diftance fought. 
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Applied to tie true Figure of the Earth. 35 

N. B. If, in this Example, the Latitude of B had been 20% then 
I muft have fubtradted from BC=222o, the Meridional Parts of 
20 0 . viz. 1 199, and the Remainder 1030 would have (hewn that 
A was on the other fide of the Equator, in the Lat. 17 °. 16'. 

CASE V. 

Given the Diftance run, and Angle of tie Courfe ; to 
find the Difference of Latitude, and Difference of 
Longitude. 

EXAMPLE. 

rN. Lat. of B . 45° & 
Given! AngJeABC . . 23 0 1. (BC)K. 

£Diltance run (6a) 3700' AC - 

C R :Cbf. ABC?..J ba : be 
* I iooooo r 92050 y C3700 : 3406 = the Arc of the 
Meridian intercepted by the Parallels through A and B. 

2. In Tab. III. the Minutes for the given Latitude of B (45*.) 
are 2656. Therefore from ^=3406, I take 2656; and the 
remainder 750, applied to the feme Tab. III. (hews that A falls 
m 12*. 40'. South Latitude. I add then the Meridional Parts of 
I2 # .46'. ( viz. 756.) to the Meridional Parts of 45 0 . (2976.); 
And the Sum 3732, is the Line BC on the Chart. 



C be :BC )..$«* : AB 
(3406:37321 *j370o:405is=AR 



F 3 4. M 



36 MERCATOK* SAILING 

4. As in Cafe III. to Log. 7783 (=AB+BC) . . 3.89 115 
Add Log 3i9(=a=AB — BC) . . 2.50379 

6.39494 

■i the Sum ........... 3.19747 is 

the Log. of 1 576=AC fought. 

Th e like Operations will ferve for the fame Cafes in common 
Mercator's Sailing j only the Reduction of the Arcs be, which is 
here performed by the help of Tab. III. is there done at once, 
by multiplying the Degrees in be by 60 ; adding, if there are any, 
the odd Minutes. 

I fay nothing of Parallel-Sailing, having fufficiently explained it 
above, Pag. 13. nor of Traverje CouHes, which being no more 
than Combinations of the Jimpk Cafes, are iolved by the lame Rules, 
though with more Labour. 

I beg leave only, to fubjoin the following Remarks upon the 
Method it felf. 

L 

A s I infinuated (Pag. 14.) the Necefiity of a Correction in our 
common Charts and Tables, for this general Reafon, that, " In the 
•* mixt Sciences, unavoidable Errors ought, by the ExacJnefs of the 
" Theoretical Part, to be kept within the narrowefi Bounds poffible 
So we fee from Examp. II. that the Errors ot Mercator's Chart 
may fometimes confiderably augment whatever others a Ship's Rec- 
koning is fubjedfc to. And Cafes may be imagined, in which the 
Errors would be Hill greater than in that Example. 

n. 

I r, from the Situation of two Places (A and B) with refpect to 
Longitude and Latitude, the Angle of the Courfe is determined, as in 

Cafe 
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applied to the true Figure of the Earth. 37 

Cafe I. the Difference will not indeed be confiderable, whether we 
ufc the Common Tables, or thefe, as never exceeding two thirds of a 
Degree. (Fid. p. 14.) But if we fuppofe, what ofteneft happens, 
that a Ship docs not freer her Coarfe on the direct Rumb from A 
to B, but upon ibme other given Rumb, till (he is arrived at a 
Place (C) in a known Latitude $ that in order to find her Courfe 
from C to the intended Port B, the Longitude of C is computed, 
«s in Cafe II. from the hat, of A, the Lat. of C, and the Courje 
hitherto fleered : And laftly, that from the Longitude of C, thus 
computed with the Latitudes of C and B, her future Courje is de- 
termined j it may come out very different on the Sphere, from what 
it would be on the Spheroid. 

An Example will beft explain this Remark. 

Let the Place A be at the Equator $ B in the N. Lat.l „ , 
40 0 . Weft of A, 54 • 45* 

Then, by Cafe I, the Angle of the Courfe on the Spbe-\ - , 

rWwill be 5 l • 55- 

j 

And on the Sphere ----- 51. 24 

The Difference being no more than • - - 31 

But if on the Spheroid, the Ship fails NW£W, that is, in an 
Angle of 56V 15'. oil fhe reaches C in the Lat. 37'. The Difference 
of Longitude of A and C, will (Joy Cafe II.) be 58 °. 32'. and the 
Courfe from C to B will be NE, /. e. at an Angle of 45°. Where* 
as, if fhe is fuppofed to fail on a Sphere, the Difference of Longi- 
tude of A and C will be ccA 41'. And her Courfe from C to B 
will be 52 °. 9'. greater than it ought to be by 7 °. 9'. /. e. by al- 
moft £ of a Point. At the feme time the Difference of the £>/"- 
fiances between C and B on the Spheroid and Sphere, will be above 
a feventh Part of the Whole. 

Th e Reader may, for his Exercife, frame to hinuelf other Exam- 
ples, affuming not one intermediate Place (C), but two or three (as 

C, D, E :) 
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C, D, E :) and he will fee how high the Error of the laft Courfe, 
as it involves all the preceeding Errors of the Longitudes, may 
fometimes rife. 



In Latitudes under 28% the Plain Chart is preferable to Mer- 
cator's. From o Lat. to 20 °. the Meridional Diftances of Merca- 
tor exceed thofe of the Plain Chart j which laft exceed the Truth. 
From 20 0 . to 2 8°. the DefeB of the Meridional Diftances on the 
Plain Chart is lefs than the Excefs of Mercator's. After this the 
laid DefecJ increafes quickly, fo that, between 33 0 . and 34*. it is 
double, and at 3 8°. a little more than triple the Excefs. Whence 
I infer, that for about a third part of the Quadrant, there is at 
Ieaft as much Reafon for correcting the Sea-Charts now,, as for- 
merly. 



III. 



FINIS. 
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BOOKS printed for A.MilLAR, over againfi St. Clement'/ 

Church in the Strand. 

I. fYCLOPMDIA: Or, An Univerfal Dictionary of Arts and Sciences ^ 
^ containing*an Explication of the Terms, and an Account of the Things 
fignined thereby, in the feveral Arts, both Liberal and Mechanical ; and the fe- 
veral Sciences, Human and Divine: The Figures, Kinds, Properties, Productions, 
Preparations, and Ufes of Things Natural and Artificial : The Rife, Progrefc and 
State, of Things Ecclefiaftical, Civil, Military, and Commercial : With the fe- 
veral SyftemA, Sects, Opinions, &e< among Philofophers, Divines, Mathemati- 
cians, Phyfictans, Antiquaries, Critics, &e. The whole intended as a Courfe of 
Ancient and Modern Learning. Extracted from the heft Authors, Dictionaries, 
Journals, Memoirs, Tranfactions, Ephemerides, &c . in feveral Languages. 

By E. CHAMB E R S, F. R. S. 

The Fourth Edition, corrected and amended ; with fome Additions. In 2 Vols, 
in Folio* 

II. The Works of FRANCIS BACON, Baron of Verulant, Vifcount St. 
Albany and Lord High Chancellor of England, With feveral Additional Pieces 
-never before printed in any Edition of his Works. To which is prefixed, A New 
Life of the Author, by Mr. Mallet. In 4 Volumes in Folio. 

• The Additional Pieces with the Life of the Author, by Mr. Mallet, of 
the fame Site with the former Edition, may be had feparate, to conipleat thofe 
Gentlemen's Setts who bought that Edition. 

N. B. There are a few of the above Two, printed on a fuper-ftne Writing 
Paper. 

HI. The Life of FRANC TS BACON, Baron ofFerulam, Vifcount St. Alban, 
andLotdHighChaaceUoTof^^. By Mr. Mallet. In Octavo. 

IV. Stctionum Conicarum, Libri V. Auctore ROBER TO SIMS ON, in 
Academia Glafgutnft Mathefeos ProfefTore. 

V. The Figure of the Earth, determined from Obfervations made by Order of 
the French King, at the Polar Circle ; by Meflrs. De Maupertuit, Camus, Clai- 
raut, Le Aiennier, Members of the Royal Academy of Sciences ; the Abbe* Oathitr, 
Correfpondent of the Academy ; and Mr. Celfius, Profcflbr of Aftronomy at Upfal. 
Tranilated from the French of M. De Mouperiuis, 

VL A Compleat Treatife of Practical Navigation, demonftratcd from its firil 
Principles : Together with all the necefTary Tables. To which are added, The 
tJfeful Theorems of Menfuration, Surveying and Gauging ; with their Applica- 
tion to Practice. Written for the Ufc of the Academy in Tower-Jlreet. 

By ARC HI B ALD PATOUN, F. R. S. The Second Edition. 

J 

VII. 
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BOOKS Printed for A. Millar. 

VII. Effays Medical and Philofophical : Containing, 



1. The Periods and Crifcs of Difcafes. 

2. The Specific Operation of Cathartic 
Medicines. 

3. The Conduction and Graduation of 
Thermometers. 

4. The Comparifon of different Ther- 
mometers. 

5. The Heating and Cooling of Bodies. 

6. The various Degrees of Heats in Bo- 
dies. 

7. The Way of computing the different 
Degrees of Heat. 

$. The Heat of the Air. 



9. The comparative Heats of the Surr, 
Earth, Planets and Comets. 

10. The Degrees of Heat in Animals. 

11. The preternatural Heats of Ani- 
mals. 

12. The Heats of Waters, Oils, and 
Salts, according to their Fluidity and 
Confiftencv. 

13. The melting and mining Heats of 
Metals and Minerals. 

14. The boiling Heats of liquid and 
melted Bodies. 



VIII. De Similihus Animalibus & Animalium Calore Libri Duo. 

continentur, 



t\ De proprietatibus fimlKum Anima- 
lium maxime generalibus. 

2. De Motibus or Viribus Sanguinis, 

3. De Vaforum Firmitate. 

4. De membrorum Velocitate Motus. 

5. De Mufculorum Viribus. 

6. De Organorum Robore. 

7. De Mutationibus per ingefta indu- 
cendis. 

8. De Motibus & Viribus Aeris.. 



9. De Iliorum Animalium Calore. 

10. De Animalium Calore generatim^ 

1 1. De Calore in variis ejufdem Anr» 
mali is parti bus. 

12. De Calore Simtlium Animalium. 

1 3. De Diverfitate Caloris Animalium 
fecundum Mutationes iis illatas. 

14. De Caloris Animalium differentia- 
fecundum fexus varietatem. 



The above two by GEORGE MARTI ME, M. D. Honorary Fellow of the 

College of Phyficians at Edinburgh. 

DC. An Enquiry into the Nature of the Human Soul ; wherein the Imma- 
teriality of the Soul is evinced from the Principles of Reafon and Philofophy. The 
Second Edition. In 2 Vols, in Oc"ta*o. 

X. MAT HO: Or, The Ccfmothtoria Putrilis', a Dialogue. In which the . ' 
firft Principles of Pkihfophy and AJlronmy arc accommodated to the Capacity of 
Young Perfons, or fuch as have yet no Tincture of the Sciences. Hence the,, *« 
Principles of Natural Religion are deduced. In 2 Volumes in Octavo. By the 
Author of An Enquiry into the Nature of the Human SeuL 
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